The past few decades have seen remarkable advancement in the evaluation, treatment, and rehabilitation of injuries to the spine and spinal cord. The development of new surgical techniques, imaging modalities, diagnostic classification systems, and biological materials gives cause for hope of improved patient outcomes following spinal trauma. Despite this progress in the understanding and treatment of thoracolumbar trauma, the topic remains one of considerable controversy.
Historically, advances in spine surgical care were introduced to clinical practice without definitive empirical proof of improved clinical outcomes. 1 Evidence-based approaches to the treatment of thoracolumbar spinal trauma are becoming increasingly prevalent as physicians, patients, and policy makers seek scientifically grounded data of improved and cost-effective patient care. Evidence-based medicine (EBM) is defined as "the conscientious, explicit, and judicious use of current best evidence in making decisions about the care of individual patients." 2 Evidence-based medicine is not merely the use of the latest clinical evidence, but rather the integration of this information with clinical expertise, critical judgment, and the patient's individual needs. 3 Such a realistic evidence-based approach is currently being applied to answer important clinical questions, such as the effect of early versus late surgical decompression on neurological recovery, as well as the comparison of operative versus nonoperative treatment in thoracolumbar fractures. 4 Moreover, evidence-based techniques are also being utilized to validate the development of new surgical interventions. Large, multicenter clinical trials are under way to definitively address the important questions regarding thoracolumbar spine trauma, a field whose research has been characterized as persistently lacking statistical power. 4, 5 This chapter addresses the contributions of EBM over the last few decades on a variety of treatment aspects of thoracolumbar trauma.
◆ Initial Treatment and Examination of Thoracolumbar Trauma
The acute treatment of trauma and potential spine injuries has undergone a radical transformation over the last 30 years. Prior to the 1970s, the specifics and organization of trauma care varied widely by location and provider. Most initial care was not based on evidence of efficacy, but rather upon local expert opinion. Landmark studies in the 1960s and '70s recognized accidental death and injury as a long neglected cause of preventable death that lacked a body of strong empirical data. [6] [7] [8] As trauma care grew to become an issue of national importance in the United States, states developed uniformly organized, regionally based trauma care systems that showed definitive evidence of improved outcomes. 9, 10 This widespread reorganization of trauma care has resulted in more efficient resource utilization, more targeted clinical care, and improved patient outcomes.
Regional trauma care decreases patient mortality by minimizing the duration of prehospital treatment, directing the transport of patients to designated, accredited specialty trauma centers, and allowing the pooling of resources to provide more cost-effective, efficient treatment (Fig. 4.1) . 11 Specifically regarding spinal cord injury (SCI), clinical evidence has demonstrated that patients sustaining an SCI demonstrate fewer complications and improved outcomes when cared for by a specialist management system. 12, 13 Regionalization of spine trauma care to designated centers has also facilitated the organization of much-needed large, multicenter, randomized trials investigating spine injury. There are currently 13 designated centers for the treatment of spinal cord injury in the United States.
The acute, prehospital care of potential SCIs is currently under reevaluation. Spinal immobilization following primary spine trauma, although widely recommended, has not been definitively proven to prevent subsequent secondary spine injuries. 14, 15 Moreover, spine immobilization is painful and can overall cost, and potentially decreased total radiation exposure to the patient. 18 Magnetic resonance imaging (MRI) has also become an essential tool in the evaluation of the spineinjured patient because it allows for sensitive visualization of injuries to the intervertebral disk, the bony structures, the posterior ligamentous structures, and the neural elements themselves.
A lack of standardization of radiographic measurement parameters used to assess thoracolumbar fractures has complicated both patient evaluation and the reporting of clinical outcomes in the spine literature. A recent systematic review of the literature was conducted by the Spine Trauma Study Group with the purpose of standardizing radiographic interpretation and reducing observer variability (Fig. 4.2) . 19 result in several potentially unnecessary complications in the trauma patient. 16 Definitive research, if feasible, is indicated to identify trauma patients appropriate for immobilization, as well as when and how this immobilization is applied. Clearly, distinguishing between stable and unstable injuries requiring immobilization in a field setting is quite challenging.
There has been a near quantum leap in diagnostic imaging over the past 30 years. The radiographic diagnosis of acute spine trauma has evolved in similar fashion, as sophisticated imaging technology has become more available, more rapid, and less costly. 4, 17 In many centers, helical computed tomographic scanning has replaced plain radiography in the initial evaluation of the spine in the blunt trauma patient because of its greater sensitivity as a screening tool, decreased Although both of these studies represent a step toward evidence-based clinical decision-making for the treatment of thoracolumbar burst fractures, larger studies with greater statistical power are needed to provide definitive treatment guidelines. However, the execution of such trials is complicated by the difficulty of randomizing injured patients to conservative care in what constitutes a complex ethical scenario. More importantly, the key factor in the stability of thoracolumbar burst fractures appears to be the integrity of the posterior ligamentous complex (PLC). 41 Thus clinical equipoise exists only for those patients believed to have an intact PLC complex, which is the group that can be ethically randomized to operative versus nonoperative treatment.
Timing of Decompression and Stabilization
The timing of decompression or fixation following traumatic thoracolumbar injury has been a subject of considerable debate. Experimental evidence in animals indicates that immediate surgical decompression following fracture can be effective in minimizing secondary injury to the spinal cord resulting from inflammatory mechanisms and ischemia. 45, 46 A recent meta-analysis of both cervical and thoracolumbar spine injuries has suggested that surgical decompression performed within 24 hours of initial injury demonstrates better neurological outcome in patients with incomplete spinal cord injury when compared with late operative or conservative management. 47 Although a definitive, high-quality, multicenter, randomized trial is yet to be published regarding early versus late decompression, a recent evidence-based review of the literature by Fehlings and Perrin reviewing cervical spinal cord injuries suggests that surgical decompression should be performed as soon as possible, preferably within 24 hours of injury. 46 Similar evidence for decompression in the setting of thoracolumbar trauma with neurological deficits is lacking.
Yet clinical studies have not shown that early stabilization or fixation (within 72 hours of injury) demonstrates any benefit regarding neurological outcome. Despite this, nonneurological outcomes have been shown to improve. Various studies have shown that early thoracic and lumbar spine stabilization is associated with significant decreases in intensive care unit (ICU) and hospital length of stays, shorter use of a mechanical ventilator, as well as a decreased incidence postoperative pneumonia and deep venous thrombosis. 40, [48] [49] [50] [51] Ideally, a prospective, randomized, controlled trial would be necessary to provide definitive recommendations for early surgical interventions in thoracolumbar fractures.
Advancements in Surgical Instrumentation
Great advancements have been made in the surgical treatment of thoracolumbar trauma over the past 30 years. Increasingly sensitive and specific imaging modalities have allowed for an improved ability to identify and localize the patterns of injury to the spinal column and the neural axis. This allows a more complete understanding of the morphology of the injury and more detailed preoperative planning.
Classification and Severity Score (TLICS) represents the first attempt at validating a thoracolumbar fracture classification system in a scientific manner. 22 Beginning with Böhler's research of spine fractures in the 1930s, no less than six thoracolumbar injury classification systems have been devised. [23] [24] [25] [26] [27] [28] [29] The most popular classification system used currently in North America is the Denis system, based on his model of the three-column spine. 27 This system defines four major categories of injury with 16 subgroupings and relies mainly on the condition of the middle column to define fracture severity and predict neurological risk. Recently, the intraobserver and interobserver reliability of the Denis system has been shown to be relatively low. 20, 21 Evidence has also shown that the stability of the middle column of the spine is not the most integral factor of injury severity.
The alternative system currently in use is the AO system proposed by Magerl and colleagues. 28 This so-called comprehensive system uses a large number of classification steps to precisely define the injury in question. It is perhaps this complexity that contributes to the limited intra-and interobserver reliability cited for the AO system. [20] [21] [22] The Spine Trauma Study Group's (STSG's) TLICS is the most recent attempt at devising a clinically reliable and valid system. Originally proposed as the Thoracolumbar Injury Severity Score (TLISS), 30 and modified to become the TLICS, 22, 31, 32 this classification system presents a scoring mechanism to be used by care providers to assist in the decision between operative and nonoperative treatment. This scoring system is based on three variables corresponding to the spinal injury: the morphological appearance of the fracture, the integrity of the posterior ligamentous complex, and the patient's neurological status (Fig. 4.3) . Follow-up studies have found this classification system to have a moderate degree of reliability in classifying thoracolumbar fractures, but a high degree of intra-and interobserver reliability when predicting physician's treatment decisions. [33] [34] [35] Audigé and colleagues recently outlined a three-phase process by which classification systems can be clinically validated. 36 To date, the TLICS has completed the first two phases, which consist of development and initial multisurgeon studies. 22 The third phase consists of large, multicenter clinical studies, which are currently in development.
◆ Influences of Evidence-Based Medicine on Surgical Decision Making and Surgical Treatment of Thoracolumbar Trauma Surgery or Conservative Treatment
Immediate thoracolumbar spinal surgical treatment is indicated in patients with unstable fractures, spinal cord compression, and the presence of neurological deficit. [37] [38] [39] [40] Surgical versus nonsurgical treatment of thoracolumbar burst fractures, however, remains a controversial issue because several welldesigned studies exhibit conflicting results. [41] [42] [43] [44] In a prospective, randomized trial of 53 patients with a thoracolumbar fracture without neurological deficit, Wood et al 43 found no difference in functional outcome between patients managed operatively or nonoperatively with a body cast or orthosis. In a second prospective, randomized trial on When surgery is required, continually evolving operative techniques and the availability of specialized instrumentation, such as pedicle rod and screw fixation systems, have enabled surgeons to more aggressively pursue the goal of stability to the injured spine.
A systematic review conducted in 2004 by Verlaan et al represents one of the first major evidence-based attempts to directly compare the various surgical treatment options for thoracic and lumbar spine fractures. 52 The review analyzed studies of five major surgical techniques: posterior short-segment instrumentation, posterior long-segment instrumentation, posterior short-or long-segment instrumentation, anterior instrumentation, and combined anterior and posterior instrumentation. Inequalities of the preoperative condition for prospective surgical therapies rendered their direct comparison impossible. However, it was found that no currently used surgical technique was able to maintain the corrected angle of spinal kyphosis. Partial neurological deficit had similar potential to required to master the operative techniques, the longer operative times routinely associated with their utilization, as well as the necessity of intraoperative imaging with potentially increased radiation exposure to both the patient and the surgeon. Over the past decade, several operative treatments for spine trauma have been applied using minimally invasive techniques. Anterior endoscopic decompression and stabilization has been reported as a safe and feasible treatment alternative to a conventional thoracotomy or thoracolumbar approach with the benefit of reduced approach-related morbidity, postoperative pain, and recovery time. 62, 63 Percutaneous tension band restoration or augmentation has been reported as a feasible technique for the treatment of stable burst or flexiondistraction injuries. 60 A preliminary short-term study of 57 patients has demonstrated that reconstruction of the anterior column in thoracolumbar trauma using cages and minimally invasive techniques is a safe treatment. 64 Unfortunately, definitive, multicenter, randomized trials have not been performed for any of the MIS treatments discussed to demonstrate superior clinical outcomes. The future of minimally invasive spine surgery appears promising as a means to minimize approachrelated morbidity, iatrogenic muscle injury, blood loss, and postoperative pain. Definitive, long-term studies will clearly define its evidence-based use as a treatment for thoracolumbar trauma in the future.
◆ Rehabilitation of Thoracolumbar Trauma
Only a limited number of studies to date have provided evidence-based recommendations regarding the rehabilitative treatment of thoracolumbar spine trauma. The need for rigid bracing of anterior column compression fractures is currently a matter of debate. A retrospective study by Ohana and colleagues 65 compared treating compression fractures by early ambulation with or without a Genuine Jewett Hyperextension brace (Florida Brace Corporation, Winter Park, FL). They found that thoracolumbar fractures with up to 30% height loss can be treated by early ambulation without a brace. In regard to postoperative bracing, it has been hypothesized that rigid braces do little to further stabilize the spine following thoracolumbar fixation. 66 Apple and Perez 67 have recently demonstrated that the discontinuation of a Jewett brace or thoracic lumbar sacral orthosis at 4 weeks following operative fixation does not alter clinical outcome if the patient had a healthy spine prior to suffering a fracture. Moreover, the addition of a muscle-strengthening exercise program to the postoperative rehabilitation of thoracolumbar fractures has been shown to induce hypertrophy of the paraspinal musculature but has not been shown to correlate with pain relief. 68 More comprehensive, randomized trials are needed to further refine the necessity of bracing and muscle strengthening following a thoracolumbar injury.
◆ Summary
The management of thoracolumbar trauma is a controversial, rapidly evolving field. Many new diagnostic modalities and surgical treatments have been introduced in the past few resolve irrespective of the choice of operative treatment. The surgical treatment of thoracic and lumbar traumatic fractures was found to be safe and effective, with a low rate of serious complications.
Vertebroplasty and Kyphoplasty
Vertebroplasty and kyphoplasty for thoracolumbar fractures have recently drawn considerable attention regarding outcomes, potential complications, and indications. The increasing mean age at injury of spinal fractures, higher proportion of patients over 60 years of age, and rising prevalence of osteoporosis in women strongly suggest that scrutiny of these procedures will only increase over time. 4, 53 A prospective study published in 2006 by Álvarez et al 54 found that, compared to a nonrandomized, nonoperative cohort, percutaneous vertebroplasty (PV) was shown to be more effective at rapidly reducing pain and improving quality of life of patients suffering from osteoporotic vertebral fractures. However, these differences disappear after 6 months. Similarly, a recent systematic review 55 found that vertebroplasty and kyphoplasty provide short-term pain reduction effectiveness and have a relatively low rate of complications. Leakage of polymethylmethacrylate was found to be the most commonly occurring complication. Though this is usually asymptomatic, its potential neurological consequences are cause for further research. 56 More recently in 2009, two prospective randomized controlled trials 57, 58 found that in the treatment of painful osteoporotic vertebral fractures, vertebroplasty demonstrated no beneficial effect in comparison to a sham procedure when assessed at multiple time intervals after treatment. Surprisingly, the data from these high level studies conflicts with much of the previous literature which had cited encouraging results. Both of these trials, however, confirm that pain from osteoporotic compression fractures substantially diminishes over a period of months. Future research will hopefully delineate which patients benefit from these procedures. Spine care providers should carefully consider all of the literature when considering the appropriate use of vertebroplasty and kyphoplasty.
Minimally Invasive Surgical Techniques
Most current surgical techniques for the treatment of thoracolumbar trauma involve conventional open anterior or posterior exposures. These can be associated with postoperative complications such as infection, blood loss, 52 scarring, adjacent segment, degeneration, or paraspinal muscle injury. 59, 60 Gejo and coworkers 61 have demonstrated that the amount of injury to lumbar musculature is directly related to the duration of muscle retraction during posterior lumbar surgery. Patients undergoing long retraction times also reported postoperative lower back pain more frequently.
Minimally invasive surgical (MIS) techniques are increasingly being applied to the field of spine trauma in an attempt to minimize these negative consequences of conventional surgical techniques. Recent studies using MIS techniques to treat thoracolumbar fractures have suggested equivalent or favorable clinical outcomes when compared with open techniques. 60, 62 Potential drawbacks of MIS as a treatment choice include the substantial learning curve decades, yet, until recently, most have not been scientifically validated using evidence-based protocols. The increasing importance of scientific and fiscal accountability will serve as an impetus for the organization of definitive, multicenter, randomized trials to provide quality evidence-based treatment recommendations in a field with historically underpowered research methodology.
